Introduction {#s0001}
============

Recently, the prevalence of visceral obesity has continued to notably rise. Visceral obesity plays an essential role in the occurrence of insulin resistance (IR), metabolic syndrome (MetS), and cardiovascular disease (CVD).[@cit0001] Compelling evidence had been detailed in specific prospective studies on the regional adipose tissue distribution,[@cit0002] while others have indicated that visceral obesity is closely associated with CVD risk, especially in women.[@cit0003],[@cit0004]

Moreover, the hypertriglyceridemic waist (HTGW) phenotype is defined as having at-risk triglyceride (TG) values and at-risk waist circumference (WC).[@cit0005] Visceral obesity is more closely related to the HTGW phenotype than it is to WC.[@cit0006] Increasing evidence has confirmed that the HTGW phenotype is also associated with the onset and prevalence of specific diseases. Specifically, studies have reported that the HTGW phenotype may serve as a strong indicator of atherogenic trends among postmenopausal women.[@cit0004] Further, a study in the Chinese population suggests that the HTGW phenotype increases the prevalence of prediabetes;[@cit0007] meanwhile, a STROBE compliant study showed that the HTGW phenotype indicates endothelial dysfunction, which can result in hypertension.[@cit0008] Furthermore, the HTGW phenotype rather than body mass index (BMI) was recommended as a useful screening tool to predict the risk of CVD and MetS.[@cit0009] The HTGW phenotype has also been reported to contribute to a greater risk of coronary artery disease.[@cit0010] In fact, the HTGW phenotype can be used as a clinical indicator of atherosclerotic metabolic characteristics in males, with its value in assessing the 7.5-year CVD risk having been confirmed.[@cit0011]

The urinary albumin excretion rate can be generally described in terms of the urinary albumin--creatinine ratio (UACR). Elevated UACRs have been described as a symbol for impaired function of kidney and is a crucial risk factor for CVD.[@cit0012] Early renal dysfunction is closely associated with a higher incidence of CVD.[@cit0013] Furthermore, compared with normal UACR values, diabetic patients with micro- and macro-albuminuria have 1.5- and 3.7-times higher mortality rates associated with CVD, respectively.[@cit0014] Hence, considering that visceral obesity is a common risk factor for both CVD and chronic renal disease development,[@cit0015] the aim of the present study was to establish if an association exists between the HTGW phenotype and increased UACR.

Materials and Methods {#s0002}
=====================

Study Population {#s0002-s2001}
----------------

This study was drawn from a longitudinal REACTION study, designed to examine the relationship between type 2 diabetes mellitus (T2DM) and cancer risk in a Chinese population. The REACTION study used the multistage random sampling method and was conducted among adults aged over 40 years old from both urban and rural areas with various states of economic development and urbanisation, across mainland China from 2011 to 2012.[@cit0016] A total of 47,808 participants, which were representative of China, were recruited from seven different geographic regional centres (Dalian, Guangzhou, Lanzhou, Luzhou, Shanghai, Zhengzhou, and Wuhan). Participants who used lipid lowering or ACEI/ARB drugs, those who had been diagnosed with primary kidney disease at baseline, and those with incomplete demographic or clinical characteristic data were excluded. A total of 40,674 participants (12,112 men and 28,562 women) were enrolled in the present analysis. The flow chart describing the enrolment of the subjects in this study is presented in [Figure 1](#f0001){ref-type="fig"}.Figure 1The flow chart describing the enrolment of the subjects in this study.**Abbreviations:** ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker.

Ethics Approval and Informed Consent {#s0002-s2002}
------------------------------------

Before data collection, informed consent was acquired from all participants, and the protocols of this study were approved by the Committee on Human Research of Rui-Jin Hospital affiliated with the School of Medicine, Shanghai Jiao Tong University.

Data Collection {#s0002-s2003}
---------------

According to the standardised procedures, the subjects underwent anthropometric assessments, self-administered questionnaires, blood collection, and a 75 g-oral glucose tolerance test (OGTT). Detailed information of the participants regarding demographic characteristics, clinical medical record, and lifestyle were collected via standard examination questionnaires. The clinical medical record included history of nephritic diseases, hyperlipidaemia, hypertension, T2DM, CVD \[including stroke, myocardial infarction (MI), and coronary heart disease (CHD)\], and the use of drugs. Smoking practices were also determined based on whether the participant smoked more than once per day. Drinking habits were determined based on whether the frequency of consumption was more than once per week.

The body height, weight, and WC were measured according to the standard protocol. Before measurements were taken, the subjects were asked to remove their hats, coats, and shoes. WC was measured on the ligature's midpoint level between the twelfth rib's inferior margin with anterior superior spine. BMI was calculated as body weight/height^2^ (kg/m^2^). Blood pressure (BP) was calculated based on three sequential measurements with 1-min intervals each. The three values of systolic BP (SBP) and diastolic BP (DBP) were averaged for analysis. All subjects had specific biochemical parameters assessed, including aspartate transaminase (AST), alanine transaminase (ALT), serum creatinine (Scr), Haemoglobin A1c (HbA1c), fasting blood glucose (FBG), 2 h post-load blood glucose (PBG), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), total cholesterol (TC), and TG. Blood samples were collected by venipuncture, and the blood parameters were assessed by quality control procedures. Fasting blood samples were obtained from the subjects following an overnight fast (≥10 hours). The 75 g-OGTT or the 100 g-steamed-bread meal test was performed on all subjects regardless of their history of diabetes, and the venepuncture blood specimen was collected to measure PBG after 2 hours. The estimated glomerular filtration rate (eGFR, mL/min per 1.73 m^2^) was calculated according to the following formula:

eGFR = 186 × \[serum creatinine × 0.011\]^−\ 1.154^ × \[age\]^−\ 0.203^ × \[0.742 if female\] × 1.233, where serum creatinine is presented as μmol/L. These values were calculated using the Modification of Diet in Renal Disease (MDRD), which was recalibrated for the population of China.[@cit0017]

Definition of Variables {#s0002-s2004}
-----------------------

According to the questionnaires provided to each participant, self-reported history of diabetes diagnosed by physicians was regarded as history of diabetes. Self-reported history of hypertension by physicians was regarded as history of hypertension. Urinary albumin and creatinine concentrations were tested by the first-void sterile urine samples in the early morning. The UACR was defined as the ratio of the urine albumin concentration to the urinary creatinine concentration. The UACR data were defined as categorical variables, which were separated into two groups: UACR ≥ 30 mg/g or UACR \< 30 mg/g. Normal WC was defined as \<85 cm for women and \<90 cm for men; the normal TG was defined as \<1.5 mmol/L for women and \<2.0 mmol/L for men. Based on these cut-off values, subjects were separated into the following four groups: normal waist-normal triglycerides (NWNT), normal waist-elevated triglycerides (HTG), enlarged waist-normal triglycerides (EW), and HTGW with elevated triglycerides-enlarged waist.[@cit0005]

Statistical Analyses {#s0002-s2005}
--------------------

All statistical analyses were conducted with SPSS version 24.0 (IBM, Chicago, IL, USA). One-way analysis of variance was used to compare the differences among the continuous variables of the four phenotypes. The least significant difference was used as the multiple comparison test, and continuous variables were expressed as means ± standard deviations (SD). The continuous variables that were not normally distributed were expressed as medians (Inter-Quartile Range, IQR). Categorical variables were described as percentages (%). Logistic regression analyses were carried out to estimate the odds ratios (ORs) and 95% confidence intervals (CIs) to explore the associations of the HTGW phenotype with UACR. All analyses were performed by sex. Model 1 was the unadjusted model. Model 2 was adjusted for age, centres, and sex. Model 3 was further adjusted for educational status, smoking habits, drinking habits, and CVD history based on Model 2. Model 4 was further adjusted for diabetes history, hypertension history, and diabetes or hypertension drug usage status. Model 5 was further adjusted for BMI, eGFR, HDL-C, LDL-C, TC, AST, ALT, FBG, PBG, SBP, and DBP. After controlling potential confounders, the relationship between UACR and the HTGW phenotype was also explored within subgroups, which were stratified based on blood pressure (Normal BP: SBP \< 120 and DBP \< 80 mmHg; Prehypertension: DBP ≥ 80 to \< 90 or SBP ≥ 120 to \< 140 mmHg; Hypertension: DBP ≥ 90 or SBP ≥ 140 mmHg); blood glucose (Diabetes: FBG ≥ 7.0 or 2-h PBG ≥ 11.1 mmol/L, Prediabetes: FBG ≥ 5.6 to \< 7.0 or PBG ≥ 7.8 to \< 11.1, mmol/L; Normal: FBG \< 5.6 and PBG \< 7.8, mmol/L); BMI (Obese: BMI ≥ 28 kg/m^2^; General overweight: BMI ≥ 24 to \< 28, kg/m^2^; Normal weight BMI ≥ 18.5 to \<24, kg/m^2^; Underweight: BMI \< 18.5 kg/m^2^); eGFR (eGFR \< 60, mL/min per 1.73 m^2^; eGFR ≥ 60 to \< 90, mL/min per 1.73 m^2^; eGFR ≥ 90 mL/min per 1.73 m^2^); and age (age \< 55 years; age ≥ 55 to ≤ 64; age ≥ 65 years). Analyses of the interactions between the HTGW phenotype and the stratified variables were examined among populations with increased risk of UACR. Two-tailed P \< 0.05 were considered to be statistically significant.

Results {#s0003}
=======

Clinical Characteristics of the Study Participants {#s0003-s2001}
--------------------------------------------------

Ultimately, 40,674 participants (28,562 women and 12,112 men) were recruited. [Table 1](#t0001){ref-type="table"} shows the clinical and biochemical characteristics of the respective four subject groups. The mean age of the HTGW group was 60.08 ± 9.17 years. Compared with the other three groups, individuals in the HTGW group had higher prevalence of diabetes (NWNT: 6.9%; HTG: 9.3%; EW: 11.6%; HTGW: 15.2%, P \< 0.001), hypertension (NWNT: 10.6%; HTG: 17.7%; EW: 21.4%; HTGW: 29.9%, P \< 0.001), MI (NWNT: 0.2%; HTG: 0.2%; EW: 0.5%; HTGW: 0.5%, P \< 0.001), CHD (NWNT: 2.4%; HTG: 2.8%; EW: 4.4%; HTGW: 5.5%, P \< 0.001), and stroke (NWNT: 0.7%; HTG: 0.9%; EW: 1.4%; HTGW: 1.6%, P \< 0.001). Additionally, the HTGW group was characterised by higher BMI, LDL-C, AST, ALT, FBG, PBG, SBP, and DBP values, while their eGFR values were lower (P \< 0.001).Table 1Baseline Characteristics Based on the Hypertriglyceridemic Waist PhenotypeVariableNWNT\
(n=15,250)HTG\
(n=6077)EW\
(n=10,488)HTGW\
(n=8859)*P* valueAge, years\
Male sex, no. (%)\
Female sex, no. (%)56.53±9.13\
5147(42.5)\
10,103(35.4)57.08±8.16\
1169(9.7)\
4908(17.2)59.63±9.60\
3825(31.6)\
6663(23.3)60.08±9.17\
1971(16.3)\
6888(24.1)\<0.001^a,b,c,d,e,f^\
\<0.001^a,b,c,d,e,f^\
\<0.001^a,b,c,d,e,f^Waist circumference, cm77.65±6.3679.50±5.1793.82±6.6194.02±6.95\<0.001^a,b,c,d,e^Triglycerides, mmol/L1.00(0.11--1.99)2.14(1.50--15.93)1.13(0.23--1.99)2.26(1.50--15.90)\<0.001^a,b,c,d,e,f^Body mass index, kg/m222.25±2.8923.20±2.7526.32±3.2527.01±3.35\<0.001^a,b,c,d,e,f^Total cholesterol, mmol/L4.76±1.125.44±1.144.87±1.105.41±1.10\<0.001^a,b,c,d,f^LDL-C, mmol/L2.80±0.883.09±0.942.98±0.883.10±0.91\<0.001^a,b,c,d,f^HDL-C, mmol/L1.41±0.371.25±0.301.32±0.341.20±0.26\<0.001^a,b,c,d,e,f^UACR, mg/g\
ALT, U/L\
AST, U/L\
SBP, mmHg\
DBP, mmHg\
Resting heart rate, (beat/min)8.89(5.44--16.64)\
15.48±0.11\
20.67±0.10\
124.29±0.16\
74.26±0.09\
78.36±0.1011.20(6.53--21.29)\
18.61±0.18\
22.86±0.19\
128.63±0.26\
76.79±0.14\
80.33±0.169.47(5.52--18.68)\
18.47±0.15\
21.84±0.12\
135.65±0.21\
78.54±0.11\
77.99±0.1212.26(6.73--24.53)\
21.94±0.19\
24.09±0.13\
138.37±0.22\
80.23±0.12\
80.10±0.13\<0.001^c,e,f^\
\<0.001^a,b,c,e,f^\
\<0.001^a,b,c,d,e,f^\
\<0.001^a,b,c,d,e,f^\
\<0.001^a,b,c,d,e,f^\
\<0.001^a,b,c,d,f^FBG, mmol/L5.64±1.435.97±1.706.01±1.626.43±2.10\<0.001^a,b,c,e,f^PBG, mmol/L7.63±3.448.83±3.828.56±3.959.89±4.38\<0.001^a,b,c,d,e,f^eGFR, mL/min per 1.73m^2^124.31±27.12115.37±20.41122.46±26.41113.71±21.76\<0.001^a,c,d,e,f^Married, %88.8%87.4%88.7%85.7%\<0.001High-school education, %53.3%51.1%45.6%40.6%\<0.001Current smoker, %13.0%9.2%12.8%10.1%\<0.001Past smoker, %11.5%7.1%13.2%8.7%\<0.001Current alcohol drinker, %6.4%4.3%8.4%5.7%\<0.001Past alcohol drinker, %4.8%3.0%6.3%4.2%\<0.001History of hypertension, %10.6%17.7%21.4%29.9%\<0.001History of diabetes, %6.9%9.3%11.6%15.2%\<0.001Previous MI, %0.2%0.2%0.5%0.5%\<0.001Previous stroke, %0.7%0.9%1.4%1.6%\<0.001Previous CHD, %\
Taking diabetic drugs, %\
Taking hypertension drugs, %2.4%\
5.8%\
1.4%2.8%\
8.0%\
2.2%4.4%\
10.1%\
2.1%5.5%\
13.0%\
2.8%\<0.001\
\<0.001\
\<0.001[^2][^3]

Association Between UACR and the HTGW Phenotype {#s0003-s2002}
-----------------------------------------------

Logistic regression analyses were applied to explore the relationship between the HTGW phenotype and UACR after adjusting for confounders. As shown in [Table 2](#t0002){ref-type="table"}, the HTGW and HTG groups showed significant associations with UACR using models 1--5; [Table 3](#t0003){ref-type="table"} shows an association of the HTGW phenotype with UACR in the respective genders after adjusting for confounders. Furthermore, compared with the other three groups, only the HTGW group was significantly associated with UACR in both sexes after adjusting for confounding factors (OR: 1.303, 95% CI: 1.132--1.499, P \< 0.001 in all subjects; OR: 1.268, 95% CI: 1.074--1.496, P = 0.005 in women; OR: 1.406, 95% CI: 1.057--1.870, P = 0.019 in men) ([Tables 2](#t0002){ref-type="table"} and [3](#t0003){ref-type="table"}). The association between the HTG phenotype and UACR was significant (OR: 1.182, 95% CI: 1.016--1.376, P = 0.030; [Table 3](#t0003){ref-type="table"}); however, the association between HTG and UACR disappeared in men.Table 2Odds Ratios (95% Confidence Interval) for UACR by HTGW Phenotype Among All SubjectsNWNT\
(n=15,250)HTG\
(n=6077)EW\
(n=10,488)HTGW\
(n=8859)Model 1\
 OR(95% CI)\
 *P* value\
Reference\
1.550(1.420--1.693)\*\
\<0.001\
1.344(1.244--1.452)\*\
\<0.001\
2.068(1.920--2.229)\*\
\<0.001Model 2\
 OR(95% CI)\
 *P* value\
Reference\
1.417(1.308--1.534)\*\
\<0.001\
1.259(1.150--1.378)\*\
\<0.001\
1.830(1.694--1.978)\*\
\<0.001Model 3\
 OR(95% CI)\
 *P* value\
Reference\
1.395(1.287--1.512)\*\
\<0.001\
1.142(1.133--1.362)\*\
\<0.001\
1.787(1.652--1.933)\*\
\<0.001Model 4\
 OR(95% CI)\
 *P* value\
Reference\
1.277(1.145--1.424)\*\
\<0.001\
1.110(0.983--1.252)\
0.137\
1.498(1.349--1.665)\*\
\<0.001Model 5\
 OR(95% CI)\
 *P* value\
Reference\
1.243(1.096--1.410)\*\
\<0.001\
1.026(0.898--1.172)\
0.704\
1.303(1.132--1.499)\*\
\<0.001[^4][^5] Table 3Odds Ratios (95% Confidence Interval) for UACR by HTGW Phenotype Among Men and WomenPhenotype Model 1 Model 2 Model 3 Model 4 Model 5groups OR(95% CI) *P* value OR(95% CI) *P* value OR(95% CI) *P* value OR(95% CI) *P* value OR(95% CI) *P* valueMenNWNT(5147) Reference Reference Reference Reference ReferenceHTG(1169) 1.537(1.235--1.913)\* 0.047 1.524(1.217--1.909)\* \<0.001 1.371(1.114--1.688)\* 0.044 1.338(1.083--1.652)\* 0.007 1.272(0.986--1.639) 0.064EW(3825) 1.499(1.284--1.750)\* \<0.001 1.412(1.204--1.655)\* \<0.001 1.342(1.007--1.786)\* \<0.001 1.291(0.964--1.730) 0.087 1.292(0.945--1.767) 0.108HTGW(1971) 2.111(1.810--2.463)\* \<0.001 2.011(1.714--2.359)\* \<0.001 1.663(1.352--2.045)\* \<0.001 1.576(1.274--1.948)\* \<0.001 1.406 (1.057--1.870)\* 0.019WomenNWNT(10,103) Reference Reference Reference Reference ReferenceHTG(4908) 1.587(1.437--1.753)\* \<0.001 1.410(1.283--1.548)\* \<0.001 1.395(1.268--1.533)\* \<0.001 1.276(1.120--1.453)\* \<0.001 1.182(1.016--1.376)\* 0.030EW(6663) 1.315(1.196--1.445)\* \<0.001 1.209(1.094--1.336)\* \<0.001 1.195(1.079--1.322)\* 0.001 1.076(0.941--1.231) 0.284 1.020(0.878--1.186) 0.793HTGW(6888) 2.073(1.901--2.262)\* \<0.001 1.724(1.574--1.888)\* \<0.001 1.676(1.529--1.838)\* \<0.001 1.459(1.289--1.653)\* \<0.001 1.268(1.074--1.496)\* 0.005[^6][^7]

Association Between the HTGW Phenotype and UACR Among Subgroups {#s0003-s2003}
---------------------------------------------------------------

To further verify whether the association between UACR and the HTGW was robust, stratified analyses of blood glucose and BP were conducted. As shown in [Table 4](#t0004){ref-type="table"}, among participants aged below 65 years, the HTGW group had a remarkably significant relationship with UACR (age \< 55: OR = 1.407, 95% CI = 1.094--1.809, P = 0.008; 55 ≤ age ≤ 64: OR = 1.338, 95% CI = 1.061--1.686, P = 0.014). As for the blood glucose level, a significant association between HTGW and UACR was observed in subjects with prediabetes (5.6 ≤ FBG \< 7.0 or 7.8 ≤ PBG \< 11.1 mmol/L, OR: 1.425, 95% CI: 1.124--1.808, P = 0.004). A significant result was also found in the HTG group with prediabetes (OR: 1.243, 95% CI: 1.001--1.543, P= 0.049). Additionally, for blood pressure and BMI, similar and significant results were observed in the HTGW group with high-normal BP (120 ≤ SBP \< 140 and/or 80 ≤ DBP \< 90 mmHg, OR: 1.268, 95% CI: 1.038--1.549, P = 0.020) and overweight (24 ≤ BMI \< 28 kg/m^2^, OR: 1.268, 95% CI: 1.008--1.595, P = 0.043). Meanwhile, a significant relationship was observed between the HTGW and UACR groups when eGFR ≥ 90 mL/min per 1.73 m^2^ (OR: 1.199, 95% CI: 1.047--1.484, P=0.009). A significant interaction between blood glucose and the HTGW phenotype can be seen in [Table 4](#t0004){ref-type="table"} (P =0.002). To analyse the effect of FBG and PBG on the interaction, the prediabetic subjects were divided into the impaired fasting glucose group (IFG) (FBG \[5.6, 7.0\], PBG \[0, 7.8\], mmol/L) and the impaired glucose tolerance group (IGT) (FBG \[0, 7.0\], FBG \[7.8, 11.1\], mmol/L), as seen in [Table 5](#t0005){ref-type="table"}. The association between UACR and HTGW was also significant in the IFG group (OR: 1.407, 95% CI: 1.020--1.941, P = 0.037).Table 4The Association of the HTGW Phenotype with UACR in Different Subgroups of Age, Blood Glucose and Blood PressureVariableNWNT HTG EW HTGWP-valuesReferenceOR(95% CI) *P* valueOR(95% CI) *P* valueOR(95% CI) *P* valueFor InteractionAge, year **^a^**0.127 \<55 (n=15,704)11.260(0.974--1.629) 0.0791.007(0.790--1.284) 0.9541.407(1.094--1.809)\* 0.008 55--64 (n=15,264)11.197(0.970--1.476) 0.0930.938(0.759--1.158) 0.5521.338(1.061--1.686)\* 0.014 ≥65 (n=9706)10.972(0.781--1.210) 0.8001.208(0.927--1.574) 0.1631.086(0.836--1.411) 0.536Blood glucose, mmol/L **^b^**0.002 FBG\<5.6 and PBG\<7.8 (n=16,035)11.145(0.943--1.390) 0.1731.038(0.846--1.273) 0.7221.217 (0.992--1.492) 0.059 5.6≤FBG\<7.0 or 7.8≤PBG\<11.1 (n=16,107)11.243(1.001--1.543)\* 0.0491.153(0.923--1.441) 0.2091.425(1.124--1.808)\* 0.004 FBG≥7.0 or PBG≥11.1 (n=8532)11.017(0.858--1.206) 0.8451.193(0.988--1.440) 0.0671.146(0.922--1.407) 0.193BP, mmHg ^**c**^0.234 SBP\<120 and DBP\<80 (n=13,190)11.236(0.896--1.705) 0.1970.954(0.714--1.276) 0.7511.299(0.960--1.756) 0.090 120≤SBP\<140 and/or 80≤DBP\<90 (n=15,384)11.128(0.956--1.331) 0.1521.153(0.960--1.385) 0.1271.268(1.038--1.549)\* 0.020 SBP≥140 or DBP≥90 (n=12,100)11.048(0.875--1.255) 0.6131.097(0.890--1.352) 0.3881.170(0.941--1.456) 0.158eGFR, mL/min per 1.73m^2^ **^d^**\
 eGFR≥90 (n=37,617)\
1\
1.108(0.952--1.290) 0.186\
1.079(0.932--1.249) 0.311\
1.199(1.047--1.484)\* 0.009\
0.183 60≤eGFR\<90 (n=2808)11.253(0.796--1.974) 0.3301.242(0.831--1.858) 0.2911.337(0.910--1.946) 0.139 eGFR\<60 (249)10.988(0.617--1.583) 0.9611.110(0.735--1.678) 0.6191.131(0.759--1.685) 0.546BMI, kg/m^2^ **^e^**\
 BMI\<18.5 (n=1117)\
1\
1.305(0.961--1.772) 0.088\
0.952(0.747--1.215) 0.695\
1.247(0.965--1.610) 0.091\
0.136 18.5≤BMI\<24 (n=18,097)11.107(0.806--1.519) 0.5301.007(0.783--1.296) 0.9561.074(0.842--1.399) 0.598 24≤BMI\<28 (n=15,669)11.002(0.833--1.206) 0.9811.170(0.948--1.444) 0.1431.268(1.008--1.595)\* 0.043 BMI≥28 (n=5791)11.019(0.779--1.335) 0.8890.964(0.746--1.246) 0.7791.086(0.787--1.499) 0.615[^8][^9] Table 5The Association of the HTGW Phenotype with UACR in Different Subgroups of PrediabetesVariable NWNT HTG  EW  HTGWReference  OR(95%CI)  P value  OR(95%CI) P value    OR(95%CI) P valueIFG (n=6133)5.6≤FBG\<7.0 and 1 1.099(0.830--1.456) 0.511 1.012(0.742--1.380) 0.941 1.407(1.020--1.941)\* 0.037PBG\<7.8IGT (n=9974)FBG\<7.0 and 1 0.909(0.750--1.101) 0.329 1.019(0.833--1.247) 0.854 0.878(0.707--1.091) 0.2417.8≤PBG\<11.1[^10][^11]

Discussion {#s0004}
==========

Herein, we found that the HTGW phenotype exhibited the most significant association with increased UACR risk, which was nearly 1.92- to 2.23-fold in all participants. In fact, only the association between UACR and the HTGW phenotype retained significance after controlling for confounding factors in males. For females, increased UACR was observed in both the HTGW and the HTG groups; however, the association with UACR was more significant for the HTGW group. Furthermore, the risk of UACR was significantly increased in the HTGW group aged less than 65 years, with eGFR ≥ 90 mL/min per 1.73 m^2^, prediabetes, prehypertension, or borderline values of BMI. Therefore, these results may possibly be proved useful and significative for monitoring populations more likely to benefit from the avoidance and amelioration of the associated factors such as TG and WC. Here, we also first verified a noteworthy association between UACR and the HTGW phenotype.

The association between HTGW phenotype and UACR may be attributable to visceral obesity; however, the underlying mechanism is unclear. In previous studies, the HTGW phenotype was reported to be remarkably associated with visceral obesity, and it was suggested that the combined presence of TG and WC may serve as the optimal indicator for CVD risk among menopausal women.[@cit0004] Moreover, it is well established that abdominal adipose tissue serves as an endocrine organ that produces various bioactive substances, affecting the body's metabolic status.[@cit0018] The accumulation of fat is likely to be an essential risk factor for kidney injury, and increases in WC and TG indicate accumulation of fat in abdominal adipose tissue. There were other visceral adiposity indices also exploiting WC and TG, such as visceral adiposity index (VAI) and the lipid accumulation product index (LAPI), and it was reported that VAI level is associated with elevated urine albumin excretion and renal dysfunction.[@cit0019] The results of this study were consistent with our present findings. In addition, some previous studies showed that prevalence of CKD is significantly associated with both VAI and LAPI.[@cit0020],[@cit0021] Excess fat can indirectly induce kidney damage by increasing the prevalence of atherosclerosis, hypertension, or type 2 diabetes.[@cit0022],[@cit0023] Furthermore, excess fat can directly exacerbate kidney injury via the inflammatory response, which produces adipokines such as TNF-α and IL-6 leading to change in renal hemodynamics. These changes include an increased demand for renal metabolism and dilation of mesangium, leading to the development of glomerular hypertrophy, excessive filtration, and hypertension. Increased glomerular filtration rates eventually cause proteinuria and glomerulosclerosis.[@cit0024]--[@cit0026] Besides, the production of adipokine leptin is also increased, which can subsequently increase the activity of the sympathetic nervous system and the degree of oxidative stress, ultimately leading to glomerulosclerosis, renal fibrosis, and proteinuria.[@cit0027]

As seen in [Tables 2](#t0002){ref-type="table"} and [3](#t0003){ref-type="table"}, we also determined that the association with UACR was significant in women in Model 5 when the TG level increased, as well as with the HTGW phenotype, a combination of increased WC and TG, had the most significant association with UACR. In men, a significant association was only found between UACR and the HTGW phenotype, which is consistent with previous studies. We showed that especially in postmenopausal women, excessive lipid accumulation, such as hypertriglyceridemia, increased the risk of CVD.[@cit0028]--[@cit0030] Increased WC and elevated TG also had a significant cumulative effect on cardiovascular risk.[@cit0031],[@cit0032] Further, a study among Asian adults showed that CVD was independently associated with high level of albuminuria.[@cit0033] These differing results of gender may be partially explained by the difference in the sample ratio of gender. Nevertheless, in the present study, we were unable to identify the actual mechanisms of gender difference. Therefore, possible mechanisms with regard to gender-specific associations of the HTGW phenotype with UACR need to be further explored.

It is interesting to find that the association of HTGW phenotype with UACR in borderline subgroups compared with the two other subgroups was significant, as shown in [Table 4](#t0004){ref-type="table"}. The possible reason, at least in part, might be due to the populations of old age, hypertension, obese and diabetes possibly had better compliance with medical orders, had more time to exercise, and dietary habits may also improve. Some studies showed that physical activities reduced inflammation which played a key role in the loss of renal function[@cit0034],[@cit0035] and the relationship between HTGW and UACR may attenuate in the abnormal subgroups. Moreover, interaction between HTGW and potential confounders among the UACR group was analysed in the present study. The interaction between the HTGW phenotype and blood glucose was significant. The present result indicated that among the prediabetic population, FBG is more closely related to HTGW and UACR. A Mexican study, whose results were consistent with the findings of our study, suggested that kidney dysfunction was worsened among people with high TG levels, in those with increased WC, and in those who smoke, as well as, most notably, in people with diabetic diseases.[@cit0022] Moreover, evidence showed that the glucose abnormality and the functional impairment of β-cell were both caused by the overloaded islets TG content.[@cit0036] Furthermore, another study indicated that visceral adiposity was significantly associated with IFG, and isolated IFG had been shown to lead to hepatic IR.[@cit0037] Because patients may have undiagnosed IFG for an extended period of time, asymptomatic complications such as diabetic nephropathy can eventually develop.[@cit0038] Therefore, the findings of the present study may offer proof for prevention of early diabetic nephropathy via the improvement of the HTGW phenotype.

Our study provides additional evidence for the association between HTGW and UACR in a different population. However, several limitations of this study need to be considered. First, since this research population only included populations over the age of 40 years, our findings may not be applicable to younger individuals. Furthermore, the gender ratio is skewed; thus, the associations obtained in this study should be considered with caution. Second, the selected population excluded those who used lipid lowering and ACEI/ARB drugs but did not exclude the population using other drugs that may affect the association. Therefore, we cannot be certain how the use of other drugs may have affected the results of this study. Third, a limitation to the HTGW phenotype is its dichotomous nature of representation. With cut-off points originated from western populations and not validated in China, using the same cut-off points for HTGW in a Chinese population is a limitation. Finally, due to the cross-sectional nature of the current study, the causal association of UACR and the HTGW phenotype was undetermined, and prospective studies are surely needed to prove whether the HTGW phenotype could predict increased UACR.

Conclusion {#s0005}
==========

In conclusion, we found a noticeable association between the HTGW phenotype and UACR. When the population belonged to the HTGW group aged less than 65 years with eGFR ≥ 90 mL/min per 1.73 m^2^, prediabetes, prehypertension, and a borderline BMI value, the risk for increase of UACR was more likely to be augmented. The present study may supply proofs to suggests that awareness of the HTGW phenotype should be increased, and the HTGW phenotype was associated with increased early renal dysfunction or chronic diseases such as CKD and CVD. Further prospective epidemiological studies are needed to support the findings of our study.
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[^1]: These authors contributed equally to this work

[^2]: **Notes:** Data were mean ± SD or median (IQR) for skewed variables or numbers (proportions) for categorical variables: ^a,\ b,\ c,\ d,\ e,\ f^P \< 0.05 for G2 vs G1, G3 vs G1, G4 vs G1, G3 vs G2, G4 vs G2, and G4 vs G3, respectively. G1: NWNT; G2: HTG; G3: EW; G4: HTGW.

[^3]: **Abbreviations:** NWNT, normal waist and normal triglyceride; HTG, normal waist with hypertriglyceridemia; EW, enlarged waist circumference; HTGW, hyper-triglyceridemic waist; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; eGFR: estimated glomerular filtration rate; MI, myocardial infarction; CHD, coronary heart disease; ALT, alanine aminotransferase; AST, aspartate aminotransferase; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; PBG, 2 h post-load blood glucose; UACR, urinary albumin-creatinine ratio.

[^4]: **Notes:** \*Significant data (P\<0.05): Model 1: unadjusted; Model 2: adjusted for age, sex, centres; Model 3: further adjusted for education status, smoking habits, drinking habits, CVD status; Model 4: further adjusted for diabetes history, hypertension history, use of diabetes or hypertension drugs status; Model 5: further adjusted for BMI, eGFR, HDL-C, LDL-C, TC, AST, ALT, FBG, PBG, SBP, DBP.

[^5]: **Abbreviations:** NWNT, normal waist and normal triglyceride; HTG, normal waist with hypertriglyceridemia; EW, enlarged waist circumference; HTGW, hypertriglyceridemic waist; UACR, urinary albumin-creatinine ratio.

[^6]: **Notes:** \*Significant data (P\<0.05): Model 1: unadjusted; Model 2: adjusted for age, centres; Model 3: further adjusted for education status, smoking habits, drinking habits, CVD status; Model 4: further adjusted for diabetes history, hypertension history, use diabetes or hypertension drugs status; Model 5: further adjusted for BMI, eGFR, HDL-C, LDL-C, TC, AST, ALT, FBG, PBG, SBP, DBP.

[^7]: **Abbreviations:** NWNT, normal waist and normal triglyceride; HTG, normal waist with hypertriglyceridemia; EW, enlarged waist circumference; HTGW, hyper-triglyceridemic waist; UACR, urinary albumin-creatinine ratio.

[^8]: **Notes:** \*Significant data (P\<0.05): ^a^For age subgroup: adjusted for sex, centres, ALT, AST, LDL-C, HDL-C, TC, PBG, PBG, SBP, DBP, eGFR, BMI, smoking habits, drinking habits, CVD status, hypertension history, diabetes history, use diabetes drugs and hypertension drugs status: ^b^For blood glucose subgroup: adjusted for age, sex, centres, ALT, AST, LDL-C, HDL-C, TC, SBP, DBP, eGFR, BMI, smoking habits, drinking habits, CVD status, hypertension history, use hypertension drugs status: ^c^For blood pressure subgroup: adjusted for age, sex, centres, ALT, AST, LDL-C, HDL-C, TC, FBG, PBG, eGFR, BMI, smoking habits, drinking habits, CVD status, diabetes history, use diabetes drugs status: ^d^For eGFR subgroup: adjusted for age, sex, centres, ALT, AST, LDL-C, HDL-C, TC, FBG, PBG, SBP, DBP, BMI, smoking habits, drinking habits, CVD status, hypertension history, diabetes history, use diabetes drugs and hypertension drugs status: ^e^For BMI subgroup: adjusted for age, sex, centres, ALT, AST, LDL-C, HDL-C, TC, FBG, PBG, eGFR, SBP, DBP, smoking habits, drinking habits, CVD status, hypertension history, diabetes history, use diabetes drugs and hypertension drugs status.

[^9]: **Abbreviations:** NWNT, normal waist and normal triglyceride; HTG, normal waist with hypertriglyceridemia; EW, enlarged waist circumference; HTGW, hypertriglyceridemic waist; UACR, urinary albumin-creatinine ratio; FPG, fasting plasma glucose; PPG, postprandial plasma glucose; BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure.

[^10]: **Notes:** \*Significant data (P\<0.05): Adjusted for age, sex, centres, ALT, AST, LDL-C, HDL-C, TC, SBP, DBP, eGFR, BMI, smoking habits, drinking habits, CVD status, hypertension history, use hypertension drugs status.

[^11]: **Abbreviations:** NWNT, normal waist and normal triglyceride; HTG, normal waist with hypertriglyceridemia; EW, enlarged waist circumference; HTGW, hypertriglyceridemic waist; UACR, urinary albumin-creatinine ratio.
